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ABSTRACT: The measured underwater topographic data from 1958 to 2009 is used to develop the digital elevation 
model of the North Branch in Yangtze Estuary and to quantitatively and systematically investigate the evolution 
characteristics, including the plane evolution, the section evolution and the overall evolution. Results show remarkable 
recession and siltation of the North Branch during the past 50 years. The southern shoreline gradually moved northward 
and the northern shoreline was reasonably stable since 1984. The upper river channel was significantly silted and 
narrowed and the talweg moved northward. The middle river channel also showed continuous deposition and the shoal 
and trough evolved actively. The shoreline and the talweg of the lower channel moved northward. 
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INTRODUCTION 
Estuaries exist as transition zones among marine 
areas, land, and freshwater areas. The zones are 
characterized by coupling interactions among marine, 
atmosphere, biology, geology, and human activities, and 
represent the most dynamic region in the nearshore area. 
The complex processes occurring in the estuaries are of 
fundamental importance to climate change, water 
conservation, flood control, beach protection, land 
reclamation, biological diversity, and the ecological 
balance. 
The Yangtze Estuary is a densely populated and 
socio-economically well-developed area in China. The 
geomorphologic characteristics of the Yangtze Estuary 
are known as a bifurcated river mouth with three 
diversion points and four outlets, as shown in Fig. 1. Its 
configuration is cast under the conditions of large runoff, 
rich sediment and strong tide (Yan et al. 2000; Zheng et 
al. 2002; Zheng et al. 2012). The main stream below 
Xuliujing is divided into the North and South Branches 
by the Chongming Island. The South Branch is further 
bifurcated to the North and South Channels by the 
Changxing Island and the Hengsha Island. The Jianya 
Shoal and the Jiuduansha Shoal divide the South 
Channel again into the North and South Passages. 
The North Branch of Yangtze Estuary possesses the 
largest freshwater wetland natural reserve of China. Due 
to its important geographical position and rich ecological 
resources, a lot of attention has been paid to the 
formation mechanism and evolution process of North 
Branch. The long-term morphological evolution of 
wetland in Yangtze Estuary was reviewed by Zheng et al. 
(2010). During the past 50 years, the North Branch has 
suffered a considerable recession. Investigating the 
evolution characteristics of North Branch is important 
for the sustainable development of natural resources and 
environment in this region. 
In this study, the time series of measured bathymetry 
from 1958 to 2009 were used to establish the digital 
elevation model of the North Branch. The characteristics 
of plane evolution, section evolution and the overall 
evolution are analyzed. 
 
 
Fig. 1  Location of the North Branch in the Yangtze 
Estuary 
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Fig. 2  Locations of the eight cross-sections along the North Branch
 
METHODOLOGY 
In this study, field datasets during 1958 to 2009 were 
used to develop the Digital Elevation Model (DEM) of 
the North Branch using geographic information system 
softwares. The DEM contains information of water depth, 
shoreline, islands, engineering project, and so on. Other 
relevant information such as bottom slope and bottom 
aspect can also be obtained from DEM (Wu et al. 2001). 
The Beijing 1954 coordinate system was used. The mesh 
generation in DEM can be based on regular grid, 
triangulated irregular network (TIN) or digital contour. 
The TIN approach was adopted in our model regarding 
its advantages in interpolation resolution and 
computational consuming (Chen et al. 2000). Isobaths of 
different water depths, the areas and the cross-sections in 
different years were generated and used to examine the 
evolution of North Branch. 
 
RESULTS AND ANALYSIS 
According to the bathymetry and the hydrodynamic 
characteristics, we divided the North Branch into the 
upper, middle and lower river channel. The upper river 
channel is from Chongtou at the upstream to Qinglong 
Port at the downstream, which is the area of tidal energy 
dissipation. The middle river channel is from Qinglong 
Port at the upstream to Touxing Port at the downstream, 
where the channel width remarkably decreases towards 
the upstream and the riverbed evolution is active. The 
lower river channel is from Touxing Port at the upstream 
to Lianxing Port at the downstream. Eight cross-sections 
along the North Branch are defined for the analysis, 
located at Chongtou, Qinglong Port, Daxin Port, 
Lingdian Port, Sanhe Port, Touxing Port, Santiao Port 
and Lianxing Port, as shown in Fig. 2. 
 
 
 
Plane Evolution 
 
Channel width 
Fig. 3 shows the evolution of channel width at eight 
sections along the North Branch. From 1958 to 1978, the 
channel widths downstream of Chongtou all decreased to 
a large extent and the channel was narrowest at Qinglong 
Port. Since 1978, the narrowing of channel width slowed 
down. Since 1991, the channel width showed a trend of 
increasing towards the downstream and the channel was 
widest at Lianxing Port. The width was nearly constant 
upstream of Lingdian Port. In general, the average 
channel width deceased from 9.2 km in 1958 to 2.9 km 
in 2005 with a decreasing rate of 68%. 
 
Area 
Fig. 4 shows the evolution of the areas closed by 0 m 
and 5 m isobaths in the North Branch. It is found that the 
areas continuously decreased from 1958 to 2005. The 
area closed by 0 m isobath reduced by 76 % and the area 
closed by 5 m isobaths reduced by 89%. 
 
 
Fig. 3  Evolution of channel width at eight sections along 
the North Branch 
 
 
 
Evolution Characteristics of North Branch in the Yangtze Estuary Since Middle 20th 
 
Section Evolution 
 
Mean water depth 
Fig. 5 shows the mean water depth evolution for the 
upper, middle, lower and overall river channel in the 
North Branch. It can be seen that the mean water depth 
was greater at downstream than upstream. The overall 
mean water depth decreased from 4.91 m in 1958 to 2.83 
m in 2009 and the decreasing mainly occurred since 
1991. The mean water depth of the upper river channel 
reached its smallest value of 1.13 m in 2001, but 
increased since 2002 and reached 2.53 m in 2009. The 
mean water depth of the middle river channel generally 
decreased during the past 50 years and mostly decreased 
between Qinglong Port and Daxin Port by 2.86 m. For 
Santiao Port and Lianxing Port in the lower river channel, 
the mean water depth decreased during 1958-1978 and 
2001-2002, while increased during 1998-2001 and 2005-
2009, exhibiting a relatively stable situation. 
 
Cross-sectional profile 
Fig. 6 shows the evolution of cross-sectional profiles 
at eight sections along the North Branch. The variation  
of talweg can be seen. Since 1970, the talweg moved 
northward and became closed to Chongming Island. 
Since 2001, the talweg of the upper river channel  moved 
 
 
Fig. 4  Evolution of the areas closed by 0 m and 5 m 
isobaths in the North Branch 
 
 
 
Fig. 5  Evolution of the mean water depth for the upper, 
middle, lower and overall river channel 
 
 
Fig. 6  Evolution of cross-sectional profiles at eight sections along the North Branch 
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northward and became closed to Haimen Port, while it 
was closed to the south bank before 2001. The upper 
river channel was significantly silted and narrowed. The 
middle river channel also showed continuous deposition 
and the shoal and trough evolved actively. After 2005, 
the talweg became stable and the channel was relatively 
straight. Between Lingdian Port and Qidong Port, the 
talweg moved actively and turned to the north bank since 
2002. The talweg of the lower river channel slightly 
moved northward. At present, the talweg of the North 
Branch starts from Haimen Port at upstream, passing 
Daxin Port, Qidong Port, Santiao Port to Lianxing Port 
at downstream. 
 
Overall Evolution 
 
Channel volume 
Fig. 7 and Fig. 8 show the evolution of channel 
volume beneath 0 m and -5 m isobaths at seven segments 
along the North Branch, respectively. Since 1958, the 
channel volumes showed a trend of generally decreasing. 
The decreasing rate remarkably increased since 1998. 
From 1958 to 2009, the channel volumes beneath 0 m 
and -5 m isobaths decreased by 2.156×109 m3 and 
6.25×108 m3, respectively. The annually decreasing rate 
is 4.23×107 m3/a and 1.22×107 m3/a, respectively. 
 
Erosion and siltation 
Fig. 9 shows the bathymetry evolution of the North 
Branch. Fig. 10 shows the erosion and siltation volumes 
in the North Branch from 1958 to 2009. Results show 
remarkable recession and siltation of the North Branch 
 
 
Fig. 7  Evolution of channel volume beneath 0 m isobath 
at seven segments along the North Branch 
 
 
Fig. 8  Evolution of channel volume beneath -5 m 
isobath at seven segments along the North Branch 
 
 
 
 
Fig. 9  Bathymetry evolution of the North Branch 
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Fig. 10  Erosion and siltation volumes in the North 
Branch from 1958 to 2009 
 
during the past 50 years. The siltation area and volume 
are both greater than erosion area and volume, expect 
during 1998-2001 when these two are close to each other. 
The largest siltation occurred during 1958-1978 and 
2001-2002, which is correlated to the change of channel 
volume. The southern shoreline gradually moved 
northward and the northern shoreline was reasonably 
stable since 1984. In general, the temporal evolution of 
North Branch can be divided into five stages, including 
(1) rapid siltation during 1958-1978, (2) slow siltation 
during 1978-1998, (3) slight erosion during 1998-2001, 
(4) rapid siltation during 2001-2002, and (5) slow 
siltation during 2002-2009. 
 
CONCLUSION 
The time series of measured bathymetry from 1958 
to 2009 were used to establish the digital elevation 
model of the North Branch in Yangtze Estuary. Results 
show remarkable recession and siltation of the North 
Branch during the past 50 years. The channel width, 
mean water depth and channel volume all decreased. The 
southern shoreline gradually moved northward and the 
northern shoreline was reasonably stable since 1984. The 
upper river channel was significantly silted and 
narrowed. The middle river channel also showed 
continuous deposition and the shoal and trough evolved 
actively. The talweg at the upper and lower channel 
moved northward. 
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